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ABSTRACT 

During three summers of study, 190 species of 
wasps ( Hvmenoptera, Aculeata) were collected in 
Jackson Hole, Wyoming, principally in six selected 
'sites along the Snake River. The majority of these 
were fossorial species, about 50 of which were 
found nesting. For the most part, the species 
studied appeared to avoid complete competition 
for prey and for nesting sites, but some possible 
(exceptions are noted. Many species were attacked 
by parasitic flies, some by cuckoo wasps and other 
insects. Many of these natural enemies are not 
host-specific, and maintain high populations at the 
expense of many different species of wasps. The 
behavior patterns of the wasps are discussed as 
mechanisms for (1) avoiding competition with 
other wasp species, and (2) reducing the success 
of parasites. Following a general discussion of 
these subjects, a list of the wasps of Jackson Hole, 
annotated with ecological and behavioral data, is 



presented. 
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INTRODUCTION 

It was unfortunate that during the 
flowering of natural history in the 19th 
century it became fashionable to separate 
eeology (from oikos , home) from ethology 
(from ethos , habits). Surely the habitat 
and behavior of an animal are all of a 
piece. Behavior is merely the impingement 
of an animal upon its environment, while 
the environment is that portion of the bio- 
sphere in which an animal's behavior per- 
mits it to thrive. A biotic community is a 
collection of co-adapted behaviors, no one 
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452 Bulletin Museum of Comparative Zoology, Vol. 140, No. 7 



MOR 

Bl B2 B3 




Mop 1. Sketch of portion of Jackson Hole, Wyoming, showing locotion of mojor study oreos. 



Wasps of Jackson Hole • Evans 



453 



of which is fully understandable of and by 
itself. That such communities are often 
enormously complex is troublesome, but 
this should not divert us from assuming, at 
least occasionally, a broad view of the 
interactions of its components. Only such 
a view can provide insights into the 
adaptive value and biological significance 
of observed behaviors; and only behavioral 
studies can supply insights into the signifi- 
cance of the structures with which system- 
atise are so preoccupied. 

Most areas of bare, friable soil in tem- 
perate and tropical regions are inhabited 
by numerous species of digger wasps which 
often show marked behavioral differences 
with respect to nesting and hunting be- 
havior. These behavior patterns are stereo- 
typed and relatively easy to observe and 
to describe. Students have often concluded 
that the behavioral peculiarities of the 
various species represent adaptations for 
avoiding competition with other members 
of the community, or for reducing the 
incidence of attacks by the great numbers 
of parasites which occur in these restricted 
habitats. There have, however, been few 
efforts to consider an entire community in 
the attempt to document these impressions. 
The present study, although grossly in- 
complete, represents an effort in that di- 
rection. 

Jackson Hole, Wyoming, is in many ways 
ideally suited for studies of this nature. 
This flat valley surrounded by mountains 
is relatively high (6750 feet elevation at 
Moran) and far enough north (about 44° 
north latitude) so that its insect fauna is 
more limited in species than that of many 
more southerly localities. Yet during the 
brief summer season insects are exceed- 
ingly abundant and much more diverse 
than one might expect, including species 
of eastern, Pacific coast, and northern dis- 
tribution, as well as a few Upper Sonoran 
elements that apparently follow the Snake 
River drainage, and a few characteristic 
Rocky Mountain elements. From the point 



of view of a specialist on digger wasps, the 
area is especially attractive because much 
of it is unsuitable for these insects; but 
those areas which are suitable (i.e., where 
the soil is friable and more or less devoid 
of vegetation) contain concentrations of 
species and individuals perhaps unrivalled 
anywhere. Another attractive feature is 
that much of Jackson Hole is part of Grand 
Teton National Park and thus immune to 
development or to extensive disturbance. 
Still another is the presence of the Jackson 
Hole Research Station at Moran, which 
provided a pleasant and effective base of 
operations during three summers of study 
(1961, 1964, and 1967). I am much in- 
debted to the officers of the station, par- 
ticularly to its director. Dr. L. Floyd 
Clarke, for facilitating this research in 
many ways. I am also indebted to the 
authorities of Grand Teton National Park 
for permission to collect specimens for 
identification. 

STUDY AREAS 

Most of the floor of Jackson Hole is 
classified as glacial outwash plain (Fryxcll, 
1930). East of Jackson Lake much loess 
has been deposited. This loess not only 
renders the glacial outwash relatively more 
friable than elsewhere, but also is the 
source of much of the alluvial sand which 
has been deposited here and there on the 
immediate banks of the Snake River. These 
studies were conducted partly in areas of 
“lower outwash plain” and partly in “allu- 
vial bottoms,” following Fryxell’s termin- 
ology (see Map 1). The outwash plains 
are of Pleistocene origin (Wisconsin glacial 
stage) and consist chiefly of quartzite 
gravel with a variable content of loess and 
a great many cobbles of various sizes; for 
the most part they are covered with sage- 
brush (Artemisia ) . The alluvial sand is of 
recent origin; it is pale in color and of 
relatively uniform texture. It occurs in low 
terraces or in bars which often slope into 
the river, these bars and terraces often 
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being surrounded by willows and cotton- 
woods. Groves of lodgepole pine and aspen 
occur here and there in the out wash plain 
or adjacent to the alluvial deposits. Where 
the out wash gravels abut upon the river, 
the banks are usually high and are con- 
stantly being eroded, while the alluvial 
deposits are several feet lower and in areas 
of accretion during flooding. In some cases 
there is a bank separating the margin of 
the plain from the alluvial bottoms, but 
more often there is a gradual slope between 
the two with no sharply marked separation 
of soil type or cover. 

Although I collected wasps at several 
places in Jackson Hole in an effort to 
understand the distribution of various spe- 
cies, most of my studies were conducted in 
three sites near the Research Station. These 
localities were chosen because of the high 
concentration of nesting wasps they con- 
tained and because each was slightly dif- 
ferent as to soil type, vegetation, and 
composition of the fauna. The three sites 
are considered below, followed by a de- 
scription of three additional areas in which 
extensive collecting was done. In each case 
I have noted the abbreviation by which 
these sites are indicated in the text. The 
three primary localities are shown on 
Map 1. 

(1) Moran, area A (MOR-A). Alluvial 
sand close beside the Snake River, both 
near the Station (Al) and at the “Cattle 
Bridge,” about 0.5 miles east of the Station 
(A2). These are areas of fine-grained, 
light sand, largely bare but in places 
partially overgrown with short grass or low 
herbs. The sand flats are relatively sharply 
separated from adjacent outwash plain and 
have a rich and distinctive fauna of digger 
wasps, including especially species of 
Bembix, Oxybelus , Ammophila , and Tacky - 
sphex. A2 is shown in more detail in Map 
2, and a photograph of a portion of the 
area is shown in Figure 1. 

(2) Moran, area B (MOR-B). Outwash 
plain between the Station and the Cattle 
Bridge, especially three areas with very 



sparse vegetation (Bl, 2, 3) which are 
inhabited by numerous species of wasps 
including Pkilantkus pulcher , P. crabroni- 
formis, Eucerceris spp., and others (Fig. 
2). Certain wasps occupied both the more 
friable portions of these areas and the more 
compact soil in the alluvial bars and ter- 
races: such species as Hoplisoides spilo- 
grapkus and Stenodynerus papagorum. 
Wasps not largely restricted to either areas 
A or B are simply labeled “MOR” in the 
text. Since wasps nesting in A or B gen- 
erally ranged widely for their prey, the 
two communities were by no means 
separate entities. Also, ground squirrels 
nesting in area B often produced mounds 
of loosened, friable soil which were oc- 
casionally occupied by typical inhabitants 
of alluvial sand such as Episyron quin- 
quenotatus. 

(3) Four miles SW of the Elk post office 
(ELK), roughly seven miles due south of 
MOR. This area is at a very slightly lower 
altitude (6650 feet) and is one in which 
the rather extensive alluvial sand grades 
almost imperceptibly into glacial outwash, 
the two soil types intergrading over a low 
terrace of several acres (Fig. 3). The rich 
wasp fauna here is dominated by Bembix 
americana spinolae and Pkilantkus zebratus 
nit e ns. 

(4) Five miles north of the city of Jack- 
son, near the junction of the Cros Ventre 
and Snake Rivers (JAC). This is at a still 
lower altitude (6300 feet) and represents 
an area of extensive alluvial deposits of 
cobblestones with patches of sand. 

(5) Pilgrim Creek (PCR), in Grand 
Teton National Park and Teton National 
Forest, some four to seven miles NE of 
Moran. This is a small stream cutting 
through forested country, but having nu- 
merous sandy deposits along its banks. The 
sand-inhabiting wasps are similar to those 
in MOR-A; in addition, there are many 
twig-nesting wasps here, as is generally 
true in more wooded areas. 

(6) Huckleberry Hot Springs (IIIIS), in 
Teton National Forest just north of Grand 
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Teton National Park and south of Yellow- 
stone. This area is of special interest be- 
cause of its hot springs, which favor cer- 
tain species of generally more southerly 
distribution (e.g., Bembix amoena). Studies 
were conducted in a sandy field adjacent 
to the major springs. 

MAJOR ASPECTS OF ECOLOGY 

During the period of study, 190 species 
of aculeate wasps were collected in these 
six areas (six other species, listed below in 
brackets, in peripheral localities). Some 
species were taken only once or twice and 
appear to maintain low populations in 
Jackson Hole, while others were exceed- 
ingly abundant in suitable sites. The 
majority of these wasps (slightly over 100 
species) are solitary ground-nesters or are 
parasites of such wasps. How do so many 
species of generally similar behavior man- 
age to survive side-by-side during the same 
brief active season, especially when the 
presence of so many fossorial wasps per- 
mits the build-up of great numbers of 
parasites? To what extent are the observed 
behavioral differences among these species 
understandable in the contexts of inter- 
species competition and of rampant para- 
sitization? An attempt will be made to 
answer these questions in this and the next 
section, leaving the actual documentation 
to an annotated list of wasps to follow. 

I was able to study the nesting and 
predatory behavior of only about half of 
the ground-nesters (about 50 species in 
all), but these were by and large the com- 
moner fossorial species. The majority of 
the other species have either been studied 
elsewhere or are closely related to species 
of known behavior. While most of the 
conclusions I shall draw here are based on 
those species studied in detail in Jackson 
Hole, there is basis for extrapolating them 
to the remainder of the wasp fauna. 

Seasonal Cycles 

Since adult female solitary wasps gen- 
erally live from three to six weeks, it is 



obvious that to thrive in Jackson Hole they 
must emerge some time in July in order to 
have time to complete their nesting cycles 
before cold temperatures restrict activity 
in late August or early September. Hence, 
most species nest more or less simultane- 
ously. Nevertheless some differences in 
time of emergence and completion of nest- 
ing can be noted. For example, Philanthus 
pulcher emerges in late June or early July 
and has largely disappeared by August 
first, while P. pacificus is a species char- 
acteristic of August. Among the spider 
wasps, Episyron quinquenotatus is already 
active in early July, while Ageniella blais - 
clelli does not appear until about August 1. 
However, differences in seasonal cycle 
apparently functioning to reduce competi- 
tion among species are minimal in this area. 

Nesting Sites and Nest Type 

Most of the fossorial wasps studied 
nested in one particular type of soil and no 
other. Bembix americana spinolae, for 
example, is a gregarious species requiring 
a fairly large expanse of fine-grained, 
friable sand; populations of this species 
occurred only at MOR-A2, ELK, and HHS. 
The related wasp Steniolia o1)liqua , in con- 
trast, occurs in smaller aggregations in 
patches of coarser soil, not necessarily en- 
tirely bare (although this species is highly 
gregarious at night and during unfavorable 
weather, forming massive “sleeping clus- 
ters” on vegetation ) . This species nested at 
MOR-B3 and on the periphery of A2, in 
no case forming mixed nesting aggregations 
with Bembix. The differences among the 
five species of Philanthus with respect to 
soil type are summarized in a subsequent 
section. 

While related wasps in many cases tend 
to occupy slightly different soil types, any 
one site often contains a diversity of species 
belonging to different genera (a wide- 
spread phenomenon studied by Elton, 
1946). If the soil is of uniform texture, the 
nests of different wasps may be inter- 
spersed, but more often there is some 
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Mop 2. Defailed map of study area MOR-A2, showing locotion of marked nests of 8 species over a period of several days 
in late July, 1964, There were many more, unmarked nests of each of these species as well as nests of numerous other species. 



tendency for segregation of species in ac- 
cordance with minor differences in con- 
sistency of the soil. Location of nests of 
some of the species occurring in MOR-A2 
are shown in Map 2 (see also Fig. 1). In 
this community, certain wasps (notably 
Bembix and Oxybelus) tended to occupy 
the very friable sand near the river, certain 
others occupied more compact sand along 
trails and roads (especially Ammophila 
and Stenodynerus) , while still others occu- 
pied places in partial shade or with more 
ground cover ( Steniolia , Dioclontus). In 
this site, the eight species listed on the 
map all nested in great numbers during 
late July and early August, along with 
many other species, some of them nearly 



or quite as abundant as those listed 
(e.g., Episyron quinquenotatus, Nitelopte- 
rus evansi , Podalonia communis) . Thus the 
scene in midsummer is one of constant 
activity involving many hundreds of 
ground-nesting wasps belonging to literally 
dozens of species. 

Moving to a neighboring site of quite 
different soil type (e.g., to MOR-B3; Fig. 
2), one finds a rather different set of 
wasps, in this case dominated by species 
of Philanthus, Pisonopsis , and Belomicrus , 
but with several species in common with 
A2: Astata nubecula and Steniolia obliqua, 
for example. Each of the areas studied had 
its own particular complex of species, with 
some overlap in content with other areas; 
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yet much the same parasites (particularly 
miltogramminc flics) occurred in all areas 
in considerable numbers. 

Even bare places only a few square 
meters in extent (such as MOR-B2 and 
B3) are able to support many fossorial 
wasps. The nest burrows and entrances 
are, after all only a few millimeters in 
diameter, and each nest is a temporary 
affair, being permanently closed and aban- 
doned after the completion of provisioning 
(this is less true of Philanthinae, many of 
which maintain a single, multicellular nest 
for their entire lives). Female wasps of 
the same or different species nesting in 
close proximity rarely show extensive 
aggression toward one another; thus, it is 
possible for many nest-cells to be packed 
into a limited space. To a certain extent 
the cells tend to be stratified, for some 
species make very shallow nests, others 
relatively deep ones. Nest depth is not 
necessarily correlated with size of the 
wasp, for some large species (for example, 
all species of Ammophila) make their nest- 
cells only a few centimeters beneath the 
surface. Stratification of nest-cells is well 
shown in the sandier parts of MOR-A2, 
where excavations during the inactive 
season reveal many cocoons of Bembix 
americana spinolae at a depth of about 8 
cm (range 5—11 cm) and many of the 
smaller cocoons of Oxybelus uniglumis 
quadrinotatus at a depth of about 5 cm 
(range 3-7 cm). An assortment of typical 
nests from MOR-A2, drawn to the same 
scale, is shown in Plate V. 

While most attention was focused on 
fossorial species in this study, it should be 
pointed out that many of the 190 species 
recorded from Jackson Hole do not nest 
in the soil but above ground in trees, 
bushes, or herbs. Some of them nest in 
hollow twigs (e.g., Eumenidae such as 
Ancistwcerus and Symmorphus), others 
bore in pith or rotten wood (e.g., Spheci- 
dae such as Ectemnius and Pemphredon), 
still others build mud nests on stems 



(Eumenes) , or on rocks (Pseudomasaris ) , 
or paper nests in trees, shrubs, or cavities 
in the soil (Vespidae). It is usually con- 
sidered that the primitive wasps were 
fossorial and that various groups have 
transferred to aerial nesting sites, thus free- 
ing themselves from an attachment to bare, 
friable soil and from competition with soil- 
nesters. Competition for hollow twigs is, 
however, often severe ( though not studied 
here). In the areas of study, twig-nesters 
were especially prevalent at PCR, which is 
heavily wooded. Since nesters in the re- 
stricted areas of bare soil in Jackson Hole 
did most of their foraging for prey in sur- 
rounding vegetation, and since ground- 
nesters and aerial-nesters often fed on the 
nectar of certain flowers side by side, it 
cannot be said that ground-nesters and 
aerial-nesters occupied fundamentally dif- 
ferent food sites. From the point of view 
of adult and larval food, they were mem- 
bers of one community, and from the point 
of view of nesting sites, of two. It should 
be added that the parasites of aerial-nesters 
are almost totally different from those of 
ground-nesters; evidently very different 
behavioral adaptations are required for 
exploiting nests in the two situations. 

Food Relationships 

Collectively, the wasps of Jackson Hole 
prey upon virtually all kinds of arthropods 
available in quantities. Yet to a remarkable 
degree they “divide up” the prey, each 
species of wasp specializing on one or a 
few kinds. A general summary of the prey 
of the commoner fossorial species is pre- 
sented in List 1, where the wasps are ar- 
ranged systematically. Consideration of the 
prey systematically is also instructive. For 
example, spiders are exploited as prey by 
at least two species of Sphecidae and by 
numerous Pompilidae. Yet any one family 
of spiders is often utilized by only one 
predator: 

Dictynids (Dictynidae) by Nitelopterus 
evansi 



458 Bulletin Museum of Comparative Zoology , Vol. 140 , No. 7 



Combfooted spiders (Theridiidae) by 
Pisonopsis chjpeata 

Orbweavers (Araneidae) by Epistjvon 
quinquenotatus 

Crab spiders (Thomisidae) by Dipogon 
sayi 

Jumping spiders (Salticidae) by Pompi- 
lus angular is 

Wolf spiders (Lycosidae) 

Large Lycosa by Pompilus scelestus 
Medium-sized Lycosa by Crypt ochei- 
lus terminatum 

Small lycosids by Pompilus occident- 
als, Anoplius tenebrosus. 

LIST 1 

Prey of commoner ground -nesting wasps of 
Jackson Hole (wasps arranged system- 
atically; see Annotated List, beginning 
p. 474, for details ) 

TIPIIIIDAE: 3 spp. -Beetle larvae in soil 
( Coleoptera ) 

EUMENIDAE 

Stenoclynerus papagorum - Leaf -mining 
beetle larvae (Coleoptera) 

POMPILIDAE 

Cryptocheilus t. terminatum - Lycosa spi- 
ders ( i mmature ) ( Araneae ) 

Epistyron q. quinquenotatus - Araneus 
spiders ( Araneae ) 

Pompilus angularis - Small errant spiders, 
mostly Salticidae (Araneae) 

Pompilus scelestus - Lycosa spiders 
(adult) (Araneae) 

SPIIECIDAE 

SPHECINAE 

Palinodes carbo - Cyplioderris ( Gryl- 
lacrididae ) ( Orthoptera ) 

Palinodes hesperus - Anabrus (Tettigoni- 
idae) (Orthoptera) 

Podalonia communis - Soil-inhabiting lar- 
vae of Noctuidae (Lepidoptera) 

Ammopliila azteca - Larvae of small 
moths or of sawflies (Lepidoptera, 
Hymenoptera) 



Ammopliila dysmica - Larvae of leaf- 
feeding Noctuidae (Lepidoptera) 
Ammophila macra - Larvae of Sphingi- 
dae ( Lepidoptera ) 

PEMPIIREDONINAE 
Diodontus: 3 spp. -Aphids (Hemiptera) 

ASTATINAE 

Astata nubecula - Pentatomidae, im- 
mature ( Hemiptera ) 

Dryudella montana - Reduviidae, Scutel- 
leridae, Cydnidae (Hemiptera) 

LARRINAE 

Plenocidus d. davisi - Miridae, adult and 
immature ( Hemiptera ) 

Solierella affinis - Nabidae, immature 
( Hemiptera ) 

Nitelopterus evansi- Dictyna spiders 
(Araneae) 

Pisonopsis chjpeata - Theridiid spiders 
(Araneae) 

Tachysphex : 5 spp. -Acridid grasshop- 
pers, immature (Orthoptera) 

CRABRONINAE 

Lindenius c olu mb ianus -Small parasitic 
wasps, flies, and bugs (Hymenoptera, 
Diptera, Hemiptera) 

Crossocerus maculicly pens -Very small 
flies (Diptera) 

Belomicrus f. forbesii - Miridae (He- 
miptera) 

Oxybelus uniglumis quadrinotatus - Di- 
verse small flies (Diptera) 

NYSSONINAE 

Gorytes canaliculatus asperatus - Idioce - 
rus leafhoppers (Hemiptera) 
Hoplisoides spilographus - Immature tree- 
hoppers, Membracidae (Hemiptera) 
Stictiella emarginata - Adult moths, Noc- 
tuidae ( Lepidoptera ) 

Steniolia obliqua- Beeflies, Bombyliidae 
( Diptera ) 

Bembix americana spinolae - Diverse, 
medium-sized flies (Diptera) 

PHILANTHINAE 

Aphilanthops subfrigidus - Queen For- 
mica ants (Hymenoptera) 
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Philanthus : 5 spp. -Bees and wasps 
( Hymenoptera ) 

Eucerceris flavocincta - Adult, medium- 
sized weevils (Coleoptera) 

Eucerceris fulvipes - Adult, very small 
weevils ( Coleoptera ) 

In some cases this specialization in pre- 
dation is absolute; for example, there are 
now literally hundreds of records from 
many areas which indicate that Episyrort 
quinquenotatus takes only orbweavers. In 
other cases there is overlap which is more 
apparent than real: Pisonopsis clypeata, 
for example, takes an occasional orb weaver, 
but only small species occurring close to 
the ground and not utilized by Epistjron. 
Inclusion of other, less common Pompilidae 
in this listing would complicate the picture, 
but by no means smudge it completely. 
Two species of AporineUus , for example, 
prey upon Salticidae, but these are very 
small wasps and undoubtedly take smaller 
spiders than Pompiltis angularis . A number 
of small Pompilidae besides those listed 
are known to employ small lycosids, e.g., 
Anoplius ithaca , A. imbellis , Priocnemis 
noth a , and some of these use errant spiders 
of other families as well. It is probable 
that Cryptocheilus utilizes immature Ly- 
cosas which, when mature, might serve as 
prey for Pompihis scelestus. Thus, there 
would appear to be competition for prey 
among the numerous predators on errant 
spiders. Two points should be made here: 
(1) these are abundant spiders, readily 
available and not requiring highly special- 
ized hunting behavior; and (2) the wasps 
involved are parasitized by certain Pompil- 
idae ( Ceropales , Evagetes) and by milto- 
grammine flies, and their populations may 
thus be suboptimal. I would assume that 
most pompilids, like many other insects, 
occur at relatively low densities as a result 
of parasite pressure and thus are able to 
occupy similar or even identical food 
niches. In any case, the pompilids in 
question have different nesting behaviors 
and often occupy different nesting sites; 



thus, they are by no means ecological 
homologues. For example, of the two 
predators on small lycosids listed, Pom- 
pihis occidentals nests primarily in wooded 
areas, Anoplius tenebrosus in open country. 

Examination of the predators on major 
groups of insects reveals situations similar 
to that prevailing among the spider-hunt- 
ers. The fauna of Jackson Hole includes 
quite a number of predators on Orthoptera. 
Two species of Palinodes take large long- 
horned grasshoppers; present records indi- 
cate that they use different species, but 
this may not hold up. Larropsis capax is 
known to utilize camel crickets ( Ceutho - 
philus ). Five species of Tachysphex use 
immature short-homed grasshoppers (Acrid- 
idae), but these species are not all the 
same size. Furthermore, the larger species 
use one grasshopper per cell, hence, they 
take grasshoppers slightly larger than them- 
selves, while the smaller species use several 
per cell and generally use grasshoppers 
smaller than themselves. Hence, the spread 
in size of prey is greater than that in size 
of the wasp. The following is a list of the 
species of Tachysphex , giving the mean 
length of the females and the mean length 
of the grasshoppers utilized (in the case of 
aethiops and nigrior only one prey each 
was taken; see Annotated List for data). 



Species of 
Tachysphex 



Mean length 
of females 



Mean length 
of prey 



aethiops 
tarsatus 
nigrior 
tenninatus 
sp. nr. linsleyi 



13.0 mm 

9.5 mm 
9.0 mm 

7.5 mm 

6.5 mm 



16.0 mm 

10.0 mm 

9.5 mm 

6.5 mm 
6.0 mm 



Since these species nest more or less 
simultaneously, and since each species of 
grasshopper tends to be at one growth 
stage at this season, it is unlikely that the 
species of Tachysphex at the ends of this 
spectrum often use the same species of 
prey. However, by presenting only the 
means I have concealed the fact that each 
species takes grasshoppers over a consider- 
able size range (see especially Kurczewski, 
1966). Undoubtedly considerable overlap 
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in prey does occur, and much the same 
reasoning may apply as in the ease of the 
spider-hunters. 

The predators on Coleoptera seem to 
show little overlap in prey preferences. 
Eucerceris flavocincta is a large wasp using 
rather large weevils, E. fulvipes a smaller 
wasp using very small weevils. Leaf-min- 
ing larvae of weevils and leaf beetles are 
employed by Stenochjnerits papagonim , 
and it is probable that here as elsewhere 
twig-nesters of the genera Symmorphus 
and Leptochilus utilize beetle larvae feed- 
ing externally on leaves. The species of 
Tiphia presumably attack the subterranean 
larvae of scarab beetles here as elsewhere, 
and Methocha the larvae of tiger beetles. 

Quite a number of wasps in Jackson 
Hole employ Lepidoptera as prey. Of the 
two that are known to employ adult 
moths (though not actually studied here), 
Stictiella emarginata uses Noctuidae, the 
twig-n ester Lestica intermpta small Micro- 
lepidoptera. Species employing lepidop- 
terous larvae include especially several 
Poclalonia (using subterranean larvae or 
“cutworms”) and several Ammophilo 
(using external leaf feeders). Among the 
Ammophilo, macro uses very large sphingid 
larvae, dysmico medium-sized Noctuidae, 
ozteco small larvae of Ccometridae and 
other groups, including sawflies, and piloso 
uses principally larvae of lycacnid butter- 
flies. Five other less common species of 
Ammophilo , unstudied in this area, may 
well show' some prey overlap with these 
species. Many aerial nesters also utilize 
lepidopterous larvae. Ancistrocerus cot skill, 
for example, is common in Jackson Hole; 
this species uses small Mierolepidoptera 
and thus may not compete seriously with 
any of the ground-nesters. Some of the 
other Eumenidac may, however, do so. 

In the case of the several predators 
on Diptera nesting in the ground, some 
slight overlap in prey is apparent between 
Steniolia oblique and Bcmbix americana 
spinoloe and between the latter species and 



Oxybelus uniglumis qiiadrinotatus; C rosso - 
cents moculiclypeus utilizes extremely 
small flies not otherwise employed by any 
ground-nesters studied. There are major 
gaps in knowledge here, as species of 
Crobro (ground-nesters) and Ectemnius 
(nesters in wood) were common in Jackson 
Hole and are predators on Diptera: how- 
ever, I obtained no prey records and thus 
cannot compare them directly w ith the spe- 
cies studied. 

In the case of predators on true bugs 
(Hemiptera), it should be pointed out that 
Astoto nubecula preys on fairly large stink- 
bugs, Dryudello montana on small, im- 
mature bugs of several related families, 
Plenoculus davisi and Bclomicrus forbesi 
on plant bugs (Miridae) (but so far 
as know'll on different species). Other 
Hcmiptera-predators attack treehoppers 
( Hoplisoides ) , leafhoppers ( Gorytes and 
presumably Dienoplus , Mi mesa, Crosso- 
cerus wickhomii , and the Dryinidae), and 
aphids (various Pemphredoninae, inelud- 
ing three species of Diodontus) . Leaf- 
hoppers and aphids are exceedingly abun- 
dant insects, and it is not surprising that 
they are attacked by a variety of w'asps. 
None were studied in sufficient detail to 
determine how 7 much prey overlap occur- 
red, but it can confidently be said that the 
wasps involved are diverse in habitat and 
nest type. For example, tw o of the three 
species of Diodontus were common, yet 
one was confined to friable, flat sand at 
MOR-A2, the other to roadside banks of 
coarse glacial outwash at MOR-B3. 

Rather than prolong this discussion, I 
should like to consider one other group in 
greater detail: the species of Philonthus, 
predators on wasps and bees, and among 
the most abundant w'asps in Jackson Hole. 
These exhibit ecological displacement in 
an unusually striking manner and also 
serve to point up the great complexity of 
communities such as this, for several spe- 
cies utilize as prey fossorial w'asps nesting 
close to them, while some utilize the para- 
sites of w'asps or of their prey. 
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Ecological Displacement in the Species 
of Philanthus 1 

Despite the abundance of members of 
this genus in Jackson Hole, it is an unusual 
experience to encounter more than one 
species at one time and place. At MOR-B, 
P. pulcher is a dominant species through 
July, each female making a series of rather 
shallow nests (Fig. 36) in bare places 
relatively free of stones; during three sum- 
mers, I have never collected or seen this 
species after August 3. P. crahroniformis 
is an equally abundant species, making its 
first appearance about July 22, but begin- 
ning to nest in numbers a week or so later. 
On a few occasions I have seen crahroni- 
formis females digging in sites occupied by 
pulcher, but for the most part they select 
places where the soil is notably harder and 
stonier. Since wasps of this species make 
relatively deep, complex nests which they 
usually occupy for life, and since all ex- 
pansion of the nest is at lower soil strata 
(Fig. 38), friability of the surface soil is 
evidently less critical. Mean cell depth of 
pulcher is 8.3 cm (range 6-10 cm), while 
that of crahroniformis is 13 cm (range 9-21 
cm). P. pulcher preys upon bees and 
wasps in approximately equal numbers, 
including such diverse forms as cuckoo 
wasps, leaf-cutter bees, and several para- 
sitic bees (List 6). Most of these are small 
insects, but a few are about as large as 
P. pulcher; the mean length of females of 
this species is 10 mm, the mean length of 
the prey 6 nun (range 4-11 mm). 2 



1 1 use the word “displacement” to refer to 
different ways of exploiting the habitat, not in 
the sense of physical displacement of one species 
by another. That is, a species occurring in a 
particular area and habitat will have features 
which are displaced by other features in related 
species also occurring there. Darwin (1859) 
spoke of this as “divergence of character” and 
stressed that “more living beings can be sup- 
ported in the same area the more they diverge 
in structure, habits, and constitution” (Mayr, 
1963). 

2 Length of the prey is a poor measurement of 
size, since bees and some wasps are notably 



P. crahroniformis , on the other hand, 
although averaging slightly larger than 
pulcher , uses a great many halictid bees 
much smaller than itself; only occasionally 
does this species employ wasps as prey 
(List 7). The mean length of female 
crabronif ormis is 11.5 mm, that of the prey 
only 5.5 mm (range 4-8 mm). One species 
of wasp and six species of bees appear on 
both lists of prey; 15 per cent of the species 
utilized by pulcher were also utilized by 
crahroniformis , but these make up about 
one third of the records for pulcher (spe- 
cies of Dial ictus being the most commonly 
used prey of both species). Thus there is 
a fair amount of overlap in prey, the larger 
species curiously tending toward smaller 
prey than the smaller. However, the two 
species displace one another almost com- 
pletely with respect to soil type and 
stratum and with respect to nesting season. 
In the final analysis, they may be char- 
acterized as non-competitors. 

A third species, P. pacificus, appears in 
late July, at about the same time as 
crahroniformis. It is a considerably smaller 
species (mean length of females about 9 
mm), yet a comparison of available prey 
records reveals that the two compete for 
much the same bees and wasps (mean 
length of prey of pacificus : 5.2 mm, range 
4-7 mm). Both use only an occasional 
small wasp, but use ground-nesting bees 
in great numbers, small Halictidae making 
up 78 per cent of the prey of pacificus, 
and 96 per cent of the prey of crahroni- 
formis. The majority of species taken as 
prey by pacificus (List 9) also appear on 
the list for crahroniformis. Evidently these 
bees are sufficiently abundant in August 
to support aggregations of two species of 
Philanthus. However, these two wasps ex- 
hibit a total separation in nesting sites, 
pacificus being confined to fine-grained. 



broader and heavier than such wasps as Mimosa , 
Ammophila, etc. However, it was the only con- 
venient measurement I could make with the 
available time and facilities. 
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light sand in bars close beside the river 
(at MOR-A2) or in the center of sandy 
roads near the river (at ELK). In no case 
did I find these two species nesting within 
200 meters of one another. Like most 
Phil a nth us , they probably do most of their 
hunting on flowers (taking many more 
male bees than females), and it is probable 
that they exploit different patches of Soli- 
c logo and other flowers, at least for the 
most part. 

A fourth species of Philanthus , zebratus 
nitens (referred to hereafter simply as 
zebratus), appears in mid-July and is active 
until mid -Au gust. This is a large, colorful 
species which nested in large numbers in 
moderately friable sandy soil at ELK and 
also along a sandy road at HHS; I did not 
take the species at MOR at any time. At 
ELK, zebratus occupied more hard-packed 
sand than paeificus, and at HHS more 
friable sand than crabronifonnis. I would 
characterize this species as preferring a 
soil type intermediate between those two 
species, and the absence of a suitable ex- 
panse of such soil at MOR may explain 
its absence there. In any case, zebratus 
exhibits almost no prey overlap with either 
of those species, since it uses notably larger 
prey. The mean length of female zebratus 
is about 14 mm, the mean length of the 
recorded prey 11.3 mm (range 8-18 mm). 
This figure is somewhat deceptive, since 
the longer prey consisted of Iehneumonidae 
and such Sphecidae as Ammophila , which 
arc very slender-bodied. Nevertheless, 
zebratus does clearly occupy a different 
food-size niche than paeificus and crab - 
ronifonnis ; no species and only one genus 
appear in common on the lists for paeificus 
and zebratus (List 8), and only one species 
and two genera in common on the lists for 
crabronifonnis and zebratus. As a predator, 
zebratus has much more in common with 
pidcher , since it uses wasps and bees in 
about equal numbers and uses prey averag- 
ing only slightly smaller than itself. The 
prey lists for these two species have five 



genera (no spp.) of wasps and eight 
genera (3 spp.) of bees in common. How- 
ever, I found the two species nesting in the 
same situation only once (at ELK) and 
then on a date (July 10) when only pulcher 
was nesting. 

The fifth species of Philanthus occurring 
in Jackson Hole, bicinctus, 1 shall discuss 
only briefly, since I encountered it only 
occasionally, and since Armitage (1965) 
has discussed a nesting aggregation at the 
South Gate of Yellowstone. This species 
makes very deep nests in thinly vegetated 
slopes where the soil is very coarse and 
stony; the prey consists principally of 
bumblebees of several species, rarely of 
other large bees. Thus it is isolated from 
the other four species both with respect 
to habitat and with respect to prey. 

Differences among the five species in 
seasonal cycle and size of the females are 
summarized in Text-figure I; however, it 
should be remembered that size of the 
wasp is not a wholly dependable reflection 
of size of the prey, for crabronifonnis uses 
prey averaging smaller than pulcher. Also, 
the figure makes no attempt to indicate 
differences in soil type utilized for nesting, 
which (although characterized here only 
subjectively) is evidently at least slightly 
different in each of the five species, and 
quite conspicuously different in some cases 
(e.g., paeificus vs. crabronifonnis) . Some 
of the several conspicuous behavioral dif- 
ferences between the five species evidently 
serve to sustain the almost complete eco- 
logical displacement among these species. 
Others probably serve to maintain reason- 
ably high population sizes in spite of the 
presence of an abundance of parasites. It 
will be more profitable to explore this 
subject after surveying the parasites briefly. 

Kinds and Specificity of Parasites 
and Predators 

The approximately 100 species of 
ground-nesting wasps occurring in the 
areas of study were attacked by a consider- 



